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A B S T R A C T

Background: International rheumatology guidelines advocate a treat to serum urate target (T2T) approach for
gout management. While individual studies have reported regional and national-level gout management,
global patterns in gout care have not been synthesized. This study aimed to systematically review and metaanalyze global T2T care for patients with gout.
Methods: Electronic databases were searched for studies reporting medication and serum urate testing in
patients with gout. Meta-analyses were conducted to determine the pooled proportion of patients with gout
achieving pre-speciﬁed T2T indicators.
Results: Sixty-seven papers were included from North America (n = 31 studies), Europe (n = 22), Oceania
(n = 7), Asia (n = 6), and reporting data from multiple continents (n = 1). The global pooled percentages (95%
conﬁdence interval (CI)) of patients with gout achieving T2T indicators were: 52% (45%, 59%) on urate lowering therapy (ULT), 50% (40%, 61%) on ULT receiving regular uninterrupted ULT, 53% (40%, 65%) on ULT having
any serum urate testing, and 34% (28%, 41%) on ULT achieving a serum urate target.
Conclusion: Outside North America and Europe, there are relatively few studies about T2T care for gout management. However, available data demonstrate that a minority of people with gout receive T2T care worldwide. For those prescribed ULT, there are low rates of continuous therapy, serum urate testing, and
achievement of serum urate target.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
Gout is a common form of inﬂammatory arthritis, caused by
monosodium urate (MSU) crystals [1]. Globally, gout is an
increasing health, social and economic problem [2]. The central
strategy for effective gout management is long-term urate-lowering therapy (ULT) which leads to MSU crystal dissolution, suppression of gout ﬂares, regression of tophi, and prevention of
joint damage [3 6].
Almost all international gout management guidelines, including from the American College of Rheumatology (ACR), European
League Against Rheumatism (EULAR), and the Chinese Multidisciplinary Expert Task Force on Hyperuricemia and Related Diseases,
advocate a treat-to serum urate target (T2T) approach in patients
who have indications for ULT [7 9]. This approach is supported
by patients with gout [10,11]. The core elements of the T2T
approach in gout are regular ULT prescription, serum urate
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testing, and ULT dose titration to a speciﬁc urate target (usually
below 6 mg/dL or 0.36 mmol/L, with lower targets recommended
for patients with tophi) [7 9,12].
A number of studies have reported on the quality of care received
by patients with gout at a regional or national level [13 18]. However, the global patterns in T2T care have not been synthesized. The
aim of this study was to systematically review and meta-analyze
global T2T care of gout.
Methods
This study was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [19]. This study was also registered with PROSPERO
(CRD42020177824).
Identiﬁcation of T2T indicators
T2T indicators included in this analysis were selected based on
review of ACR and EULAR recommendations for management and
electronic clinical quality measures for gout [18,20]. The following
T2T indicators were chosen for people with gout:
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a
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proportion receiving any ULT (ULT users),
proportion receiving regular uninterrupted ULT,
proportion of ULT users receiving regular uninterrupted ULT,
proportion of ULT users having any serum urate testing,
proportion of ULT users having serum urate testing after starting
or changing ULT, and
f proportion of ULT users achieving a serum urate target (below
6 mg/dL or 0.36 mmol/L).

Search strategy
The following databases were searched in April 2020, with an
updated search in April 2021: PubMed (from 1980), Ovid Medline
(from 1980), Embase (from 1980) and Cochrane Library (no time
restriction) using the search terms in Supplementary Table 1.
The electronic search was supplemented with hand-searching of
reference lists from included studies and review articles. In addition,
to capture studies not yet published, abstracts from ACR and EULAR
in 2018 2020 were also searched using the above search terms. All
studies identiﬁed from the search were exported into EndNote X8.2
and duplicates removed.
Titles and abstracts were screened initially by two reviewers (CS,
IS). Studies were considered for inclusion if: they were communitybased observational studies with cross-sectional or longitudinal
designs; included patients with gout (including physician-diagnosed,
self-reported, or coded as gout through electronic codes for diagnosis
and/or prescription of gout medications); and reported a T2T indicator (as deﬁned above) for people with gout. Studies were included
only if data were reported for the number of patients achieving a T2T
indicator (numerator) and the number of patients assessed for that
indicator (denominator). Animal and in vitro studies, as well as editorials, letters, case reports, case series, review articles, and clinical trials were excluded. Studies from secondary or tertiary care clinical
settings were also excluded. There were no language restrictions on
included papers. For studies presented at both conferences and published in journals, the latter were included. The full texts of the studies deemed eligible from title and abstract screening were then
screened by two independent reviewers (CS, IS) against the above criteria to conﬁrm eligibility. Any disagreements were resolved by consensus with the remaining reviewers (SS, ND).

relating to pre-speciﬁed quality of care indicators were extracted
from each study. As variable deﬁnitions of quality indicators are used
across studies, the deﬁnition and time frame used to assess each
quality indicator was also extracted. If not all patients in a study were
assessed for a particular T2T indicator, then the number of patients
who were assessed for that T2T indicator was extracted as the
denominator.
For studies reporting data across multiple years, the most recent
year was used. For studies reporting data from the same cohort sample, the T2T indicator data from the study with the largest number of
patients was prioritized for inclusion. If studies using the same cohort
reported data for different T2T indicators, both studies were included.
Any disagreements in data extraction between the two reviewers
was resolved by discussion with the remaining reviewers (SS, ND).
Data analysis
Meta-analyses were performed to calculate pooled proportions of
patients with gout achieving each T2T indicator. An inverse-variance
method was used with an arcsine transformation. Clopper-Pearson
conﬁdence intervals were generated for individual studies. Metaanalyses were undertaken for T2T indicators with data available from
at least two studies. I2 values were used as an indicator of potential
heterogeneity and random effects models were used for all values
greater than 0% in accordance with recommendation by the Cochrane
Collaboration [22]. The random effects model weights studies based
on the ratio of within-study and between-study variance and therefore allows studies which provide different effect sizes to be represented in the summary estimate [23]. This inclusive approach allows
studies with smaller sample sizes to contribute towards the ﬁnal estimates which are not overly inﬂuenced by studies with very large
numbers of patients.
To explore global differences in T2T care, studies were grouped
geographically by country. Sub-group analyses were undertaken to
test for differences in pooled proportions between countries using
Chi2 statistics. P-values and heterogeneity statistics (I2) were
reported [22]. Studies reporting combined results for multiple continents were not included in sub-group analyses. All meta-analyses
were performed in RStudio (version 1.3.959) using the metaprop
command and a signiﬁcance level of < 5%.
Results

Quality assessment
Study characteristics
The quality of reporting of the included studies was assessed
using the National Health Lung and Blood Institute (NHLBI) Quality
Assessment Tool for Observational Cohort and Cross-Sectional Studies [21]. Five of the 14 items were deemed applicable for scoring of
the included papers. These items covered clarity of the research questions, deﬁnition of the study population, description of patient
recruitment, justiﬁcation of sample size, and clarity of outcome measures and assessment. Items which were satisﬁed were scored as ‘yes’
and items which were not satisﬁed were scored as ‘no’. Two
reviewers (CS, IS) independently scored the included studies. Any
disagreements were resolved by consensus with the remaining
reviewers (SS, ND).
Data extraction
Data were entered into a Microsoft Access database from all
included studies by two independent reviewers (CS, IS), including
study characteristics (ﬁrst author name, year of publication, aim of
the study and study design) and participant characteristics (region
and country of study recruitment, year of data recruitment, and baseline patient characteristics including the number with gout, mean
age (years), n (%) male, and deﬁnition of the gout population). Data

A total of 1739 studies were identiﬁed through the search following deletion of duplicates (Supplementary Fig. 1). After title and
abstract screening, 167 full-text studies were assessed for eligibility.
Of these, 100 were excluded (reasons for exclusion are shown in Supplementary Fig. 1), leaving a total of 67 studies included in the
review. Included papers were published between 2004 and 2020.
Thirty-three studies were full-text papers and the remaining 34 were
conference abstracts. The majority of studies assessed T2T care in
North America (n = 31 studies), followed by Europe (n = 22 studies),
Oceania (n = seven studies) and Asia (n = six studies) representing a
total of 16 countries. One study assessed T2T care across multiple
continents. No eligible studies were identiﬁed for Africa or South
America. The majority of studies were either cohort (n = 34) or crosssectional (n = 30). Three studies were case-control studies.
Quality assessment
Supplementary Figure 2 presents the results from the quality
assessment of each included study. Overall study quality was lower
in conference abstracts due to the lack of described methodological
characteristics. The research objectives were well described in all
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Fig. 1. Number of studies from each country reporting achieving of T2T indicators in patients with gout. Some studies reported data from multiple countries/continents.

full-text papers and in 24 (71%) conference abstracts. Study populations were clearly deﬁned in 19 (58%) full-text papers and seven
(21%) conference abstracts, while recruitment and eligibility criteria
were sufﬁciently described in 22 (67%) full-text papers and ten (29%)
conference abstracts. No studies provided a justiﬁcation for sample
size. However, 32 (97%) full text papers and 25 (74%) conference
abstracts provided adequate deﬁnitions and consistent assessment of
included T2T indicators.
Patient characteristics
Characteristics of the patients in the included studies from each of the
four continents (Europe, North America, Oceania, Asia) are shown in Supplementary Table 2. Sample sizes ranged from 39 to 1458,569, with a
pooled sample of 6276,567 patients with gout. Mean age ranged from 51
to 77 years with most patients being male (75%). The majority of studies
(n = 54, 80%) identiﬁed patients with gout through an electronic code for
the diagnosis of gout and/or prescription for gout medications. The
remaining studies included patients with physician-diagnosed gout
(n = 10, 15%), or a self-reported gout diagnosis (n = 3, 5%).
Achievement of T2T indicators in people with gout
Fig. 1 shows the number of studies reporting achievement of T2T
indicators across the globe.

ULT use
Proportion of all patients with gout receiving ULT (ULT users). Thirty
studies reported the number of patients with gout receiving ULT,
including 13 from Europe, ten from North America, three each from
Oceania and Asia, and one study reporting combined data from multiple continents. The pooled proportion of patients with gout receiving ULT was 52% (95% conﬁdence interval (CI), 45 59%) (Table 1),
with studies from South Korea and Germany reporting the highest
ULT use (82% and 80%, respectively), and studies from Taiwan and
Sweden reporting the lowest (23% and 32%, respectively) (Fig. 2).
Choice of ULT agents. In ULT users, allopurinol was prescribed in 91%
(95% CI, 84 96%) (Table 1). Allopurinol use was highest among ULT
users in Australia, New Zealand, and Sweden (all 100%), and lowest in
Spain and Japan (39% and 44%, respectively) (Supplementary Fig. 3).
Febuxostat was prescribed in 11% (95% CI, 5 19%) of ULT users
(Table 1). Data from Japan showed the highest use of febuxostat
among patients on ULT (56%) and Germany and Spain reported the
lowest (0% and 1%, respectively) (Supplementary Fig. 4). Probenecid
was prescribed in 3% (95% CI, 1 4%) of ULT users (Table 1). Canada
showed the highest use of probenecid among ULT users (5% and 2%,
respectively), while the lowest was seen in France and Germany (all
0%) (Supplementary Fig. 5). Benzbromarone was prescribed in 3%

Table 1
Percentages of patients achieving each T2T indicator.
T2T indicator

Total studies

Pooled N

Pooled prevalence (95% CI)

All patients with gout receiving any ULT
Patients on ULT receiving allopurinol
Patients on ULT receiving febuxostat
Patients on ULT receiving probenecid
Patients on ULT receiving benzbromarone
All patients with gout receiving regular uninterrupted ULT
Patients on ULT receiving regular uninterrupted ULT
Patients on ULT having any serum urate testing
Patients on ULT having serum urate testing after starting or changing ULT
Patients on ULT achieving a serum urate target*
ULT = urate lowering therapy; CI = conﬁdence interval., *6 mg/dL or 0.36 mmol/L

30
26
9
10
2
9
11
19
18
20

5,711,341
1,853,686
1,694,149
124,995
317,875
303,107
163,907
2,266,258
150,408
63,611

52% (45 - 59%)
91% (84 - 96%)
11% (5 - 19%)
3% (1 - 4%)
3% (1 - 4%)
26% (18 - 35%)
50% (40 - 61%)
53% (40 - 65%)
44% (36 - 52%)
34% (28 - 41%)
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between countries with the highest ULT adherence seen in Aotearoa/
New Zealand and Japan (39% and 36%, respectively), and the lowest
seen in Sweden (7%). (Supplementary Fig. 7).
Proportion of ULT users receiving regular uninterrupted ULT. Eleven
studies reported the proportion of ULT users receiving regular uninterrupted ULT treatment, including four studies from Europe, ﬁve
from North America, one each from Oceania and Asia. The overall
pooled proportion for these patients was 50% (95% CI 40 61%)
(Table 1). The highest percentage was seen in studies from Japan and
the United Kingdom (69% and 62%, respectively), and the lowest from
Sweden and Ireland (21% and 35%, respectively) (Fig. 3).
Serum urate testing
Proportion of ULT users having any serum urate testing. The time periods used to evaluate serum urate testing for ULT users varied
between studies (Supplementary Table 4). Time periods ranged
from six months to ﬁve years. The time period was not speciﬁed in 1
study.
Nineteen studies reported the proportion of ULT users having any
serum urate testing, including ﬁve studies from Europe, 11 from
North America, two from Oceania, and one from Asia. The overall
pooled proportion was 53% (95% CI 40 65%) (Table 1). Studies from
Germany and France reported the lowest urate testing (11% and 29%,
respectively), while Malaysia reported the highest (72%) (Fig. 4).
Proportion of ULT users having serum urate testing after starting or
changing ULT. The proportion of ULT users having serum urate testing after starting or changing ULT was reported by 18 studies, including six studies from Europe, ten from North America, and one each
from Oceania and Asia. The time periods used to evaluate this T2T
indicator also differed between studies (Supplementary Table 5),
ranging from 6 to 12 months. The overall pooled proportion of ULT
users having serum urate testing after starting or changing ULT was
44% (95% CI 36 52%) (Table 1). The highest percentage was seen in
Sweden and the United Kingdom (58% and 56%, respectively) and the
lowest seen in Aotearoa/New Zealand (34%) (Supplementary Fig. 8).
Serum urate target

Fig. 2. Pooled proportion of all patients with gout receiving any ULT for each country.
NB: Morlock 2017 reported combined data for France, Germany, Italy, Spain, UK, and
USA.

(95% CI, 1 4%) of ULT users (Table 1, Supplementary Figure 6). No
studies reported the proportion taking topiroxostat, lesinurad or
pegloticase.
Regular uninterrupted ULT use
The deﬁnitions for uninterrupted ULT varied between studies
(Supplementary Table 3). The most commonly used deﬁnitions were
the proportion of patients with a medication possession ratio (MPR),
or proportion of days covered (PDC) of at least 80%.
Proportion of all patients with gout receiving regular uninterrupted ULT. Nine studies reported the number of all patients with gout receiving
regular uninterrupted ULT treatment, including three studies from
Europe, four from North America, and one each from Oceania and
Asia. The overall pooled proportion was 26% (95% CI, 18 35%)
(Table 1). Sub-group meta-analyses showed a signiﬁcant difference

Proportion of ULT users achieving a serum urate target. The proportion
of ULT users achieving a serum urate target (6 mg/dL or 0.36 mmol/L)
was reported by 20 studies, including seven studies from Europe, 11
from North America, one each from Oceania and Asia. Most studies
deﬁned serum urate target as <6 mg/dL or 0.36 mmol/L (n = 12 studies), with few reporting 6 mg/dL or 0.36 mmol/L (n = eight studies).
For this reason, we are reporting all as 6 mg/dL or 0.36 mmol/L. Time
periods used to assess the proportion of ULT users achieving urate
target differed between studies (ranging from 6 to 36 months) (Supplementary Table 6). The overall pooled proportion of ULT users
achieving target was 34% (95% 28 41%) (Table 1). Studies from
Malaysia and Spain had the lowest proportions of ULT users achieving serum urate target (22% and 26% respectively), while the United
Kingdom had the highest (41%) (Fig. 5).
Discussion
This is the ﬁrst study to systematically review and meta-analyze
global treat-to-serum urate target care for patients with gout. This
study has demonstrated low levels of T2T care overall, with wide variation in practice between countries.
Approximately half of patients with gout receive any ULT, with
allopurinol being the most widely used agent. Not all patients with
gout require ULT, which is typically recommended for patients with
recurrent gout ﬂares, tophi, and/or joint damage due to gout [7].

C.-N. Son et al. / Seminars in Arthritis and Rheumatism 51 (2021) 677 684

681

Fig. 3. Pooled proportion of ULT users receiving regular uninterrupted ULT for each country.

Nevertheless, we observed wide variation between countries in the
use of any ULT, suggesting that factors other than indication for therapy play a role. Access to medical care and differing prescribing patterns may also be important.
Successful ULT requires continuous use to achieve the clinical
beneﬁt of therapy [7]. This meta-analysis has shown that for patients
on ULT, only half receive regular uninterrupted therapy. Several factors may contribute to the low rates of uninterrupted ULT treatment.
These include cost of medical care, access to chronic disease management programmes, and availability of trained healthcare staff who
can build understanding about gout and its management [24].
Approaches such as nurse-led care that reduce barriers to chronic
care management and build understanding about gout lead to major
improvements in adherence to urate-lowering therapy in people
with gout [6,25].
Serum urate testing is an essential component of the T2T
approach in gout management. Just over half of ULT users received
any urate testing, and 44% of patients starting or changing ULT had
serum urate testing. The percentage of serum urate testing in patients
taking ULT was higher in Aotearoa/New Zealand, the USA and Australia compared to European countries. This may be due to serum
urate often being assayed as part of routine biochemistry analyses in
some regions of Australia, which may not be the case in other countries [26].
Worldwide, approximately one third of patients on ULT achieved
a serum urate target. Lack of continuous ULT treatment and serum
urate testing likely contribute to low achievement of serum urate targets [26]. This low rate may contribute to ongoing burden of disease

with recurrent gout ﬂares, tophi, and higher gout-related healthcare
costs [27].
There are some limitations to this study. Importantly, data were
primarily from the US, Europe, and Oceania, with little available data
from other continents. Although there were no language restrictions,
some non-English papers may not have been identiﬁed using our
search strategies. Secondly, there was variation in deﬁnitions of some
of the T2T indicators, particularly related to deﬁnitions of continuous
prescribing, timing of serum urate testing, as well as minor differences in serum urate target reporting. Thirdly, we undertook random
effects models for all our analyses in accordance with the Cochrane
Collaboration recommendations [22] due to the signiﬁcant heterogeneity caused by between-study variance. This resulted in similar
weights across studies due to the minimal within-study variance
[23]. We gave substantial consideration to the meta-analysis model
selected. Under a ﬁxed-effects model, in which weighting is based
solely on the within-study variance, studies with smaller sample
sizes are given small weights meaning information from these studies is largely ignored. Our aim was to represent data across all studies
in the summary estimate without this estimate to be overly inﬂuenced by any single particularly large study; the use of a random
effects model allowed estimation of a distribution of effects across all
included studies which varied in effect size. Finally, due to the limited
number of studies with available data, some sub-group meta-analyses examining differences across countries included fewer than the
recommended four studies/sub-group and therefore had limited
power to detect important heterogeneity [28]. However, as our subgroup meta-analyses were prespeciﬁed and individual studies
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Fig. 4. Pooled proportion of ULT users having any serum urate testing for each country.

contained relatively large sample sizes, we chose to undertake the
analyses regardless, for the purpose of obtaining comprehensive
summary statistics. Finally, there was substantial heterogeneity
observed, even within countries with larger numbers of studies
(i.e., USA). It is possible that other unidentiﬁed factors may have
contributed to the observed results. However, due to the small
number of studies in most countries, further sensitivity analyses
were not possible.

Conclusions
Outside North America and Europe, there are relatively few studies about T2T care for gout management. However, available data
demonstrate that a minority of people with gout receive T2T care
worldwide. For those prescribed ULT, there are low rates of continuous therapy, serum urate testing, and achievement of serum urate
target.
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Fig. 5. Pooled proportion of ULT users achieving a serum urate target (6 mg/dL or 0.36 mmol/L) for each country.
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